Attachment 3

SYSTEMATIC 20201 Century Boulevard
MANAGEMENT o, MD 20674
SERVICES, INC. (301) 353-0076/FAX

29 October 1991

Fraser R. Lockhart, Director
Enviranmental Restoration Divisaon

Department of Energy
Rocky Flats Office
Golden, CO 80402-0928

Re: Review of Baseline Risk Assessment and Environmental Evaluation Sections of:

(1) October 1991, Prelimnary Draft phase I RFI/RI Work Plan for OU10 (other
outmde closures) at Rocky Flats Plant (3 volumes)

e (2) June 1991, Final Phase IT RFI/RI Work Plan (Bedrock) , 903 Pad, Mound
oM and East Trenches Operable Unit No. 2) Rocky Flats Plant

Dear Fraser:

I recexved the subject documents within your October 16th package to me upon my
return from RFP, on October 28. Since the items listed above have a deadline of
today I am providing my comments to you following only a day's review of the two.
e I have also not been able to reach HAZWRAP staff to discuss their comments.

Evidently, they are in meetings today; the phones have not been answered at efthar
Randy Harris ar Tom Brennan's office.

Both Documents:

1. The methodology to be used for risk assessment (actually human risk
assessment) and for environmental evaluation (actually population and
community evaluation) is much less developed than the balance of the Work

, Plans. There is an implied or explicit promuse [see page 8-13 of the OU 10

work plan] that the exposure scenanos will be developed, assumptions stated,

! and data use specified at some future point and submitted to EPA for review

and approval. I have the following concerns:

A work plans being submitted which will support the development of a health
L risk assessment and environmental evaluation under baseline [that is pre-—
. remedial actions] conditions but we do not define in other than the most
: generic of ways the following:

’ é

'gig data needs including parameters for measurement, freguency
. data quality objectives

the level(s) of resolution analyses will be performed

specific methods to be used for assessment

jevels of risk [impacte] to be resolved/predicted

““Controlling The Future’’
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29 October 1991 (B8A Commants)
Baselina Risk Assessment (OUl0,0U2)

What is the relationship between those data specitiad in fisld ssmpling /analysis
of contaminents with hsalth risk assessment and environmental evaluation?

what is the relationship between the work plans and tha onguing efforts in
risk asseasment/modeling?

Based on the current knowledge of the ecosystems at RFP [at least
vepresentative of RFP aguatic and tecrestrial systams basad on the myriad of
studies evaluating ecogystam, community and population dynamics byy CSU and
others], it seems we could in the work plan be abls to clsarly establish the

fallowing:
What are the most probable [e.g. > 75% ] target species exposure pcanasios?

What media of contamipant asccumulation are likely? What are tha likely
blomagnification routes? What nutrient cycling processes are lkaly ¢to be
affected?

What are the expected complexity, stability, and divarsity parameter values
of represantative ecosystems? How do these differ from estimmtes mads under
current conditions?

Based on current epidamiological data for the area [both occupational
exposures for DOE plants and RFP specifically and the public in the
communities of Boulder, Golden, Denver]:

What are the most probable [a.g. > 95¢ ] human exposure scsnacios?

What are the most probable off-site exposure scenarios?

What are the ambient levels of illnesses in the geographic region?

What are the ambiant incidence of death which could be causad by principal
contaminants of RFP i{n the geographic region?

Recommendation

It would seem to me that it would be very appropriate to devalop a set of SOPs for
rigk asssssment and for environmental evaluation for all QUs on at RFP. Tha SOPs
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October 29,1991 (BSA Commants)
Reviaw of Baseline Risk Aspessments (OU10, OUZ)

could then address many of the issues which are discussed balow and the OU work
plans could cite these and specify their application in the spedific OU study.

1 belisve it e critical that we very rapidly define methodalogies to be used snd levals
of detall (order of magnitude, qualitative, quantitative) which can be used as the
baxis for specific work plans. Within each of these levals, it is postihie to identify
a variety of agsesament toals, including models, that may be used, depending on the

data reguirements, purpose of the assesament, etc.

If such an approach were taken, the risk asseasments and environmental evaluations
which will need to be complated for proposed remedial actions during construction,
operations, and following closure or during long-term monitoring for both NEPA and
CERCLA purposes will be much easier to complete and more consistent with the

baselines prepared during this phase.

1. The material presented in Voluma 1, pages 5-4 through 5-6 is totally
duplicative of that presented in Volume 2, pages 81, 8-2 and 8-5, It seams
appropriate that this material be {n Volume I and that & more datailad
discuseion focusing on the implementation of the ganeral mathods sanctioned
by EPA be placed in Volume II.

2. The Tisk assessment overview (p 8-1 Valume IT) states that the baseline risk
assessment will serve as justification for doing remedial actions. It would saem
more appropciate to discuss the role of the baseline human health risk
assegsment presented in Saction 8 and its role in determining need for
remadial actons when coupled with (1) ARARs, (2) effluent and emisaion
Umits, and (3) environmental (ecological) risk assassment.

The last santence of peragraph one ¢ites the EPA guidance for potential human
health impacts "as part of" this baseline rigk amsesgmant — we f&il to claarly
define any other parts and it is not apparent tc the reader that thexe are any.

3. SecHon 8.1, page 8~1 bullet £3 — why are we defining environmental
receptors here since the rest of Section 8 deals with human exposure/risk? 1s
this meant to be referring to exposure to media such as sofl resuspanded dust
having inhalation risk, water as ingestion risk or to food gtuffs e.g
plante/animals who have had significant uptake and retantion of contaminante?
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Octobar 29,1991 (BSA Comments)
Roview of Baseline Risk Assessments (OU10, OU2)

4.

7.

9.

If 50, please clarify. If this refers to ecological risks I'd recommend we dslay
its discuasion to Section 9 where it is treated more fully.

Section 8.1, page 8-2 first full paragraph —- redundant with paragraph ona
of the section, We could state the objectives specifically for the baseline
human hsalth risk assessment in this gpace.

Secton 8.2, page 8-2 first sentence — the objectives stated are axtremaly
vague. It will be difficult to gather "all OU10 data relevant,” The objectives

should specifically identify those data collection and data evalustion tasks
required to satigfy the risk assessment to be produced.

Section 8.2, page 8-1 parsgraph — It is statod that data ware collected, more
is being caollected and all will meet QA criteria. Howevar, it is nbt obvious
what is now known that praovides the basis for additional data collection as well
as its justification to cause expenditures. It would bs helplul before
beginning this section to assess what the data available contribute ko the risk
assessmant, what is misging, what has to be done to fill the data gaps and how
essential these data are for risk assemsment purposes.

Table 8-1: Reference to EPA 600-3/89/013 seems out of place in the human
health assessment section as does EPA/540/1-89/001A. While there is an
interface with the environmental evaluation, it sesms thase citations are
directly applicable to SectHon 9. Conversely, why are thaere no ditations to
general human health rigsk assessment methodologies -~ reliance on the EPA
guldance {s problematic since thaey are dated and the agancy asaumes that the
rigk asgessment staff routinely are aware of new davelopments in the fiald and
the wider knowledge basis than what provides their *banchmark® guidanca,

Section 8.2 pages 8-6 and 8-7 ~ many of the items listed could have and
possibly should have been done prior to the development of the work plan to
quantfy parameters needed for risk asgessment. Assuming that a section
such as that recommended in comment 6 above {a created, the information hare
could be cast as the second tier neaded to get from order of magnitude risk
evaluation to at least quantitative and for some COC, quantitative risks,

Section 8.3 — it would seem appropriate to state what is known, what
hypotheses have been developed and the proceas that will be followed
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October 29,1991 (BSA Comments)
Review aof Basaline Riak Assesamants (QU10, OU2)

specifically to test thess with respect to exposure; tha current reads
as a gensric treatment of the process with no information fuxnishe as to the

work being pianned specifically for OU10.

10. Section 8.4 — it seems still too generic to be a work plan for a specitic OU.
The use of human toxicology data and testing data from in vitro and in vive
animal models ghould be distinguished and the reliance of the risk apsessment

on the two Btated.

11. Section 8.5 — How is synergistic risk assessed? Do you envision ona
characterization per COC? If g0, how Qo you integrate for total risk?

12. Section 8.6 does not define the work plan to be implamantsd from tha
standpaint of uncertainty. The fallowing as a minimum should be addressed:

what sources of uncertainty are recognized

how do the uncertaintiag ramify through the assessment process (in other
words are they additive, multiplicative, do we have a basis to jmaw)

there are uncertainty sstimates for epidemiclogical data, for toxicity data, for
extrapolation of animal model test data to humans, etc.

M i. General to Section 9.0: RFP/RFQ staff hag had many discussions about
‘;, ecosytems and use of a "systams" approach to conducting environmantal
j evaluations especially in the risk assessment committsa, In the first
L paragraph, it is apparent that an attempt has bean mads to include this
. approach in the evaluation methodology. However, the paragraph
f demonstrates that the concept is not understood and the balance of the section
N excludes any but biotlc impacts with the exception of an analytical appzoach
to evaluation of trophic structure.

It seems appropriate that one of two directions is taken immadiataly, Elther
the approach used is : (1) systam {which means that cne or moza!indicators
of effects are evaluated at all Jevels of ecological complaxity, including
systams, community, population, lsaving organism level and biochetdcal leval
{mpacts in the domain of toxicalogy and reflected only in ramifications into
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Octobar 29,1991 (BSA Comments)
Review of Bassline Risk Assessments (OU1C, OU2)

trophic structure changes or ag anslogs to human health risks] orlan) biotic
[which means that analysis s made of toxicological and population impacts of
target species which are T&E/protected, key from a trophic perspective or are
economically or recreationally important].

The argument for use of a systems approach is that it provides a mechanism
to determine stress and recovery of agquatic and terrestrial ecosysteams in

J!E} response to chemical contamination. Since systems parametars reprassnt
l;‘— measurements of the highest order interactions within the system {in this casa
!,' ecosystem] they are sensitive to synergistic stresses and indicative of

. binlogical effects that will be manifested at higher contamination rates or after
I increasing exposura lengths. Parameters to monitor include those measuring
R nutrient cycling, system elasticity/resilionce, and complexity. Of these
: nutrient cycling parameters are the best documented, undsrstood and most
cost effactive to use.

RFO/RFP must make the decision which approsch to follow. My congern is that

I the DOE [actually its predecessor agency AEC] made & large investmant in the
o development of ecosyatem theory, especially in ORNL's Environmental Scisnces
3,};' Division. The investment is reflected in much of the ecological litarsture
e which used the cycling of radionuclides as the basis for construction of much
: of the theory, the analytical and mathematical models, and the field
" verifications of them under chemical and other stresses (a.g. clearcutting,
;1?' tres girdling). Within the DOE programs it would ba appropriate to (1) use all
ite the theory and data collection/analysis techniques devaloped applicabla to risk
e assessment and environmental evaluation and (2) not present information

which srroneously applies the developed work.

0" 1f a systems approach is used [and I would strongly recommend dolng o] then
I strongly recommend the basis for its use be founded in work done by O'Naefll
(ORNL), Shugart (now at VPI), Walde and Webstar, and a cast of others
primarily based in Oak Ridge, U GA and CSU. I have enclosed a copy of a
1983 paper I published in Environmantal Monitoxing and Assessmanst, primaclly
for the hibliography.

2. Section 9.1; Paragraph 1: The phrase..."quantifying the ecological effects
to the biotic environment. . ." does not make sense to the readar. The proposal
to address ,.."all ecosystem componants. .. " is an invitation to fallure as wall
as excassive sxpenditures for our purpose. I suspect that the {ntent was to
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October 29,1991 (BSA Comments)
Review of Baseline Risk Assessments (OUL0, OU2)

address indicators of the structural complaxity of the systams but jeven that
represents a large body of work that is Aifficult to justify to supppit for risk
assessment and environmental evaluation purposes-— for ona thing it s
aifficult to show what you'd do with all the data if they were collactad.

If a systems approach is desired, I would recommend that the fallowing
parameters be used and the relationship to risk assassment/environmantal
evaluation techniques be carefully defined before field work is bsgun:

ecosystam nutrient cycling as indicated by export rates of essantial
elements along a gradient from highly contaminated to
background COC levels within a systam (a subwatazahed
not a vegetation type or hahitat)

community trophic analyses, as briefly indicated in Section 9.2
paramaters which can be used include analysis of
redundancy in sach trophic lavel {so that food avallablility
may be less affected if one food speciss for MPMM
populations is affectad], identification of '"kingpin”
species [thogse which if adversely affected cause
significant changes in higher ordar populations be out
migration of those species, dsclines Qua to lackiof food ar
changes in food species taken]

diversity, especially of plant species

population dynamics [e.g reproduction rate, numbers or biomass]
toxicalogical response, including biouptake and
bicaccumulation

I would highly recommend no attempt be made to evaluata microbial
communities except as they are reflacted in nutrisnt cycling massures, .

Section 9.1, page 9-3 second paragraph — this will be the outcame only if a
systems approach 15 followed. I concur Il L dexired sutcoms and it provides
the linkage to human rigk assessment as well.




October 29,1991 (BSA Commants)
Review of Basgline Risk Assessments (OU10, OU2)

The balance of the work plan seems adequate to evaluate biotic effetts within
the impacted systams. The use of trophic analysis is not dafined at the level
allowing review. It seams the use as presented is only to identify targst

species for tissue analygis and ecotoxicological evaluations.

The lavel of detail is incongistent with that prepared for OUL0.

The organization of health rigk and environmental evavation ag components of
a singla bassline risk assessment is preferahle, in the opinion of the reader
to their use as separate analyses as was dons in OU10,

Since the subject is bedrock would it be preferable to describe how tha data
being collected for this phase is {1) integrated into thes OU databage and (2)
contributes to filling the data needs for the OU basaline risk assstsmant? It
would seaem reasonable to prepare no more than one integrated baseline risk
assessment including public health risk and environmental risk for the OU and
to include in this work plan only the relevant data needs, paramaters to be
measured, etc,

The environmental evaluation (Section 5.6.2, paga 5-9 & 10) is clearer than
that presantsd in OU 10 only because it makes no attempt to incorporate the
systems approach to the analymis. Comments from the OU10 work plan above
(sl of comment 1 and the lagt of comment 2 describing parameters for
measurament) apply to this discussgion as well.

If the general comment recommending the developmant of SOPs for the risk
assessment (including health and environmental) ware adopted, thas work plan
discussion would be the brevity of the current discussion [which is halpfull
and be specific to the work to be completed to support the agsessments by its
implamentation.




Octobar 29,1991 (BSA Commants)
Review of Bapaline Risk Assessmants (OUL0, OU2)

If I can be asgistance in revising thase risk assessment sections, please et the staff
know of my willingness and avallability. If a systems approach is to ba rted, I
would willingly aseist development of the SOPs, etc, since acosystems anAlysis is my
specizalty and emains a keen interest, especially as it applies to remediation and D&D

projects.

Thanks for the opportunity to review and comment on these work plans.

Sinceraly,

Pafosreen

Beverly S, Ausnusg, PhDl
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AN ARGUMENT FOR ECOSYSTEM LEVEL MONITORING*

BEYERLY §, AUSMUS

Decontammation and Resioranon Deparvmens. Advanced Technology Diviston
Bechte! Nauonal Inc, Oak Ridge, TN U S.A

(Recewved 23 February, 1963)

Abstract. One objective of environmeatal monioning programs 1 documentation §f qualitatrve end
quantitative environmental changes 1n response to extcrnal siresses, incloding chejukal contamiganon.
Chemical cuntannnant, iological, and ecological measurements have been used as envirdnmental moniters
Contaminant monnonng sliows estimation of exposurss, biological and seological motitonng allow est-
tnavtion of uptake and cffects

Measurements of ecosystem homeostasis such as nutnent eycling processes have beea shows 10 be good
ecosystem level monitors The rate of dissolved nutnent i0ss from scosystems has bean gonclusively shown
to mncrease as a function of chemical contamination untl a new equibbnum is reached, kbe pollutant input
has become neglipible, or unsl nutnent pools have besn depleted Consequemtly, nutrient pools in
crivironmental strata and i bioty are alicred and eventually deploted by chemical stress

The use of nutnent cycling to determine sonuitive responses to and long-term changes for chericsl
contamnxuon is an cascntial monitonng strategy {or enviropmental msnsgement sadicomplisnce purpases.
Meeasurements of export (rapid reaponse) and pools (loag-term consequonows) are witlon turrent techuolegy,
are cost-effective, and wllow rapid implementation of remedial measures or environmsatal coatroia

1. Introduction

There is increasing pubbe awareness of the direct and indurect dettunjental effects of
contammants on terrestrial ecosystems. Even the subtle effects of contamunants may be
manifested after many years of exposure (¢ g , acidic precipitation effedty on productivity
or the spread of toxic chemicals from buned waste), The public needs reassurgnce that
conttnved ndustnal development, envrroonmental deconteminstion and coatrol
technologies applied for contamment of contaminants do not necessarily mapart irrever-
stble degradauon of environmental quality and degeneration of humar health In fact,
the public demands evidence that these actiiues do not cause kignificant buman
exposure or increased environmental degradauon

Documenting changes in environmental concentrations of contamunants and resultant
biological/ecologcal effects bave been largely lepislatively mandated The U S Nationsl
Eavironmental Pobcy Act (NEPA, P L, 91-190) requires that knowledge of existing
conditions be estabhished prior to major activity and that changes dursg and following
these acuvities be established Condstions set forth in the Clean Air Att (P L. 88~206)
and the Water Pollution Control Act (U S Code 1970, Tatle 33, Section 1171) requure
repeated measurement of pollutent loading and distribution Specific license or pernut-
requinng legislavon (e g, National Pollutant Discherge Eliminatios System in the
Water Pollution Control Act), the Resource Conservation and Recovery Act (RCRA,

* Paper presented al a Sympomum beld on 20-21 April 1982, m Edmonton, Alberty, Canada.

Ennronmenial Monitornng ond Assexsment 4 (1984) 275~293  0167=6369/84/0043-0275302.55,
© 1984 by D Retdel Publshing Company
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276 B s AlISMUS

P L $4-580), Federal Insectide, Fungicide, and Rodenucde Act (FIFRA, PL
92-516), and the Toxic Substances Control Act (TSCA, P L 469) demand or imply
monionnag of mputs, distnbutions, and/or biological/ecological responses

Addiuonal mouvation for developing « viable momionng strategy has come from
chzens' action groups Expenence of the Jast few years has shown that comphance with
ex1sung regulabions does nol necessarily assure public health and safety or environmental
quality Meeting exssung regulations does not necessarily guarantee that industnes wall
notl be held accountable for present environmental reiease at soroe future tume For
example, the contnbutors 1o toxic waste disposal facibies are bemg fnancially
respopsible for the remedial measures requred to contain these wastes away from
environmental media

The U S Environmental Protecion Agency (EPA) 1s aiternpling to implement the
host of congressional mandates by testing chermeuls prior o release and momitonng
contaminams in the field Increasing emphasis 1s being placed on monitonng ecologeal
consequences in the field This approachis due 1o the lack of adequate laboratory testing
protocols (under P L 469) and the lack of knowledge of potential poliutant synergpstic
mteractions which may occur in the environment

This paper has as its objective 10 present the theoreucal apd expenmental basis for
4n ecosystem Jevel monitor and to argue for sts use &5 the pnmary tool 1o contmually
gage environmental quality

2. Theoretical Besls for Ecosystem Monitoring

An ecosystem consists of coupled synthesis and degradation processes which allow &
persistent recognizable biological assemblage to persist through ume (Weiss, 1971,
Blackburn, 1973, Waide and Webster, 1976) Fogure ) shows an extremely simplified
diagram of ecosysiem funcuon There are two reservorrs of raw matenals, atmosphenic
and geologic Together with precipnation and anthropogemic matenals these provide
nputs to the asseroblages of biogeochemical processes called ecosystems (Odum, 1971).
That assemblage can be viewed simphstically us a synthesis system mtegratng carbon,
nutnents, and selected anthropogenic mnputs into & wioe variety of compounds within
biolopcal and abiouc components (e ¢, soil, vegetaton)

Taken one siep further, Figurce 2 shows a conceptual diagram of the ecosystem The
larger circles represent ecosysiem components such as litter and vegetztion (1 ¢ , pools
of orgamc 4nd inorgamc compounds) Eunch component mteracts with others via
processes hike consumption, murfficauion, or hydrolysis The processes are integrauve
«nd synergsic mimmizing eanorts of esscnual elements via gaseous, solute or erosive
losses (Borman and Likens 1979)

Whade Weiss (1971), Odum (1971), Bormann and Likens (1979), O'Nesll et al (1577),
and Schindier er ol (1980) have repeatcdly emphasized that the ecosystem should be
& pnmary focus of expenmental studies, the siate-of-the-ari for pollution studics has
remained at the population and commumity level of orgamzeuon The lack of scientific
toncepiration on the integrated, binchemica) responses of an ecosysiem to pollutant
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!gr AN AKGUMENT PUK LCOSYSTEM LEVEL MONOTORING n
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GEOLOGICAL MINERAL REEERVOIR

Fig. 1 A highly sumplified diagram of an ecosystem.

stress 1s the mejor barner to development of a viabie terrestnal rbo}utom program
applicable across the United States
Chunges 1n population and community dynamics can occur with brtle effeot on
ecosystem level processes For example, over & time penod, 2 dammeant producer
population mught be replaced, but the primary production procsss mght remamn
relauvely constant (O'Nelll and Giddings, 1979) Studies of species or community
effects of 2 pollutant made 1 the laboratory or m the field cannot leall to mferences of
ecosystem responses (0 that pollutant because (1) the componentsiof an ecosystem
' bchave differently when isolated from it (Rosen, 1972, Morowitz, 19656, McNaughton,
1977, O'Neill and Wade, 1n press) and/or (2) compensatory mechanisms may aftenuate
responses of components studies with & system
' The crux of ecological theory applicable to monutorng is to approhch 1t 2s 1t exssts,
as a biogeochemical unit (Huichinson, 1948, Lane er al, 1975, Schusddler er al, 1980).
Measurements made, then, should reflect the auntotrophuc-heterotrophic couphings
(Odum, 1971, Ausmus et af, 1977) rather than sets of species of orgamems, For
cxample, nitnent cyclng and retention in terresinal ecosystems result from the functonal
synchrony of autotrophs, heterotrophs, and soil biochemical matices (Harrs ¢f o/,
1974, O'Nedll ez al, 1975, Overton, 1975, Reichle et af, 1975) By focusiag on such
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Fig 2 Conceptuabzanon of & soil showing nutnent pools and exports .

mteractive processes, it 1s possible 10 1dentsfy, evaluate and employ monitonng pownts .
refiecting short- and long-term changes in the otel terrestnal ecosystem (Patten, 1975) ‘
Nutnent export rates (O'Neill ef ol , 1977} are obvious nutnent cycling monitoring
ponts 1n terrestrial ecosystems because these exports reflect the interactions of biologcal
and chemucal process However, they mav not reveal the mechamism(s) causing the
change That s, while nutnent flux may be the most sensiuve indicator of siress because
it 15 the highest order interaction within the system, the specific causes manifextmg ‘
biochermeal andjor biologcal changes will not be chvious from these measurements
slone. Apphcabon of control theory 1 fores! ecosysiems studies supports such an
approach, suggesung nutrients i soi solution as an optimal monitor of the forest status ¢! .
(Shugart ef af, 1976) An opumal monitor 1n the desert nught be gaseous mitrogen
cychng using measurements of fixauon and/or denunfication (Ausmus and Dodson, .
1978)
While nutnient expart rates offcr potenually & very sensittve index of ecosystem status, } :
they respond to all stresses, including nawral environmentel short-hived phenomena
{e g. frecze-thaw events) (McGill, 1980) Chromic siress causing & degradation 1 the
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3 Expenments] Basis for Ecosystem Montoring

TABIE]

In terrestnal ecosystems, nutrient cycling processes are dommantly present w the
rooung zone, controlling the rate of nutnent export Except in tropical systems where
litter intersctions domupate, soil 15 the matriy of these nteractions (Alexander, 1961,
Gardner and Ashby 1970, McGull, 1980) The pools of nutnients and thewr chemical
forms n &l Lerrestrial ecosystem coroponents then are the results of these interactions

Summarics of several studies showing the eficcts of both chemical and nonchenmeal siresses on terrestnal
nuineni export reies

Ecosystem

Stress apphed

Nutrien £xpori response

References

Forest

Forest Sail

Grazsland

Forest and
grassiand
Detent

Apnicultural

Arctic

Clearcutung {(held)

Tree prdhing (held)

Soil treochmg (field)

Lead smelier
emissions {micro-
cosm)

Hexachloropenzene
(microcosm)

Arseaic (held and
microcosm)

Acid rain (held)

Cadmuum (micro
cosm)
}=3 Butadiene (frld)

Simazine bndane
cercsan

Captan (nursery)

Feediot manure
(laborgiory
ncubaton)

Mcethanol! (labora
wrv and field)

Increased N Ca, Al Mg
Nz
NO;-N lnss

Increased NO;~N und Ca
Inxs, ncrensed CO, loss

increased NO N lInes

Increased Cu. Mg
NO,-N and CO, loss

Increased CO. Inss

Increased PO,~P, NO,-N,
NIl =N and DOC loss 10
mierncosms

Increused cation leaching

Increased CO_ loss

Pecreased nutrient Josk

Decrcased snil respiralior
nitrificauion

Deereased respiration
nnnfication

Inereased Cu and My
leactng

Inhibiied CO  effiux

Bormunn and Likens,
197¢

Edwards and Ross-Todd,
19

Vitousel 1977 Viouse)
e al 1979, Vitousek
and Mchillo, 1979

Jackson er al, 1977,
Auwsmus e1 el 1978

Ausmus ef ol , 1979

Javkson er al , 1979

Adrahemsen ef al | 1977

Ausmus and Dodson
199

Pruen 1973

Gaur and Mura, 1977

Agmhotr; 1974

Amonrequar Fard ef al
1980

Brvan* and Parkinson,
1978
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within the rooting zones There is good uxperimental evidence that both autnient export
- and nutnent pools are useful ccosystem monitors

31 NUTRIENT £XPORT

The responses of nutnent export to both chemical and nonchemical stresses have been
published Nutnent export can occur as paruculates (resuspension, erosion), solutes (to
groundwater or surfuce draineges), or gases (atmosphenc losses) Depending upon the
ecosystem and the siress applied, measurements useful 1n monitoring nutnent export
differ For exumple, solute and gascous autnent losses maoy domunate unculuvated
systems such as forests or praine while particulates may be as important as solutes or
gases m determining export from culuvated systems
- Several studies showing effects of chemical and nonchemical stresses on ferrestnal
nutrient export rates are summanzed 1n Tables [ and Il Thesc effects have besn
reported In mesic, and, and tundra ecosystems and 10 response 1o 2 vanety of stresses.
Increases 1n gaseous or solute nutnients are shown in each case
For example, there 1s a highly predictable relalionstup between annual output of
- dissolved nutrients and streamflow in 2 forested watershed, As Likens e/ @/ (1970)
’ describe, clearcutting severely mcreased dissolved nutnent loss, net losscs approxi-
matng eight umes that of unaffected condiuons. Nitrogen losses increased 160 fold and
were attributed to fack of primary producer uptake and increased rates of decomposition
{Smith er al, 1968) Similar results were obtamned by trenching forest sod (Vitousek,
‘ 1977), NO,-N joss increased sigmficantly
- Stress apphed by prdiing trees 1n a Linodendron stand made 1t possible to decouple
autotrophic-heterotrophic processes Response of the forest ccosystem increased
INO,-N and Cajoss beyond the rooting zone and increased CO, loss from yoil (Edwards
‘ and Ross-Todd, 1979) Increased Ca and NO,-N loss was also reported by Brown er
al (1973} for the Oregon coast range as a resuit of cutung and slash-burnmg and by
Aubertin and Patnc (1974) 11 West Virgmig as a result of clearcutung
Deposiuon of lead smelter baghouse dust upon Acer rubrum merocosms resulted in
mereased CO, effiux and dissolved nutnent (Ce, Mg, K, and NO;-N) export from the
intact excised sou (Jackson et al, 1978)
- Increased CO. efflux resulied from hexachlorobenzene contamunation of forest sol
e (Ausmus et all , 1979) and cadmum contamnation of desert soil (Ausmus and Dodson,
1978) Arsenic contamunation mcreased dissolved PO-P, NO,-H, NH+N, and DOC
loss from grassiand soils (Jackson er af., 1979) Feedlot manure additions to soil
columns in the faboratory increased Ca and Mg leaching from the soil (Amoozeguar-
v Fard ef ol , 1980)
: . Dose-response relationships have been established for several chemicals in labo-
» ratory-incubated, excised, mntact mucrocosms (Draggon and Giddings, 1978; Ausmus
etal 1978, Jacksonetal, 1977, 1979, Ausmuseral , 1979, Gilemegal , 1979), Complex
efiuents or process wastes have iso been tested mm thus manner (Duke et al , 1977) and
dose-response relationships established In general, nutneant export increases as &
function of chemical contammnant concentration At higher doses, export rates may be
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TABLE 1l
Nutnent pool changes az a function of chemieal contamination
Ecosystem Chemical Nuinent pool changes References
(sype atudy)
Agnculiural  Tomato procesmng increased extractable Timm et al , 1980
wastes (field) PO4=P over fertilized
and unferulized soul
Feediot waste (field) Increased NO,~N South er al, 1980
extractable 1o soil though
total N balance
unsfiected
Pesticides (ficld) Increased to1al hitter poal Ward and Wilson 1973
Thiram {field) Increased sol pools of Zn, Wainwright and Pugh,
Na, K, increazed 19%4
NH-H, decreased
NQ,;=N
Benoxyl (laboratory ) Increased NH N, Fosicr and McQuesn,
decreased NO,~N in soil 1977
waler
Benoxyl, dvrene, Organic N morgamc N Mazur snd Hughes, 1975
manob increased
S0, N S decressed Hestschrudt ef al , 1978
wheatgrass
Decrexsed plant crude Schwartz et 2/ , 1978
protem
Acid Ram Decreased microbiul Beath ¢ al,, 1979
auinent pools
Forest Heavy menls (ficld) Depiered nitrogen in Wtter Tyler, 1974
Lead copper zinc Increused 1aty) litter pouv) Anderson ¢t a! 1980
(field)
Heavy metals (field) Increased totu! btter pooal Ruhling and Tyler, 1973
Mickel, enpper Increased htier pool Freedman and
Hutctunson, {980a
SO. Increased culcium, Ziegler, 1978
mugnesiem siheon
potassiuin in leal tssues
Acid ram (field, C/N 10 naul increases Tamm, 1976
laboraiory)
Heavy metals Increased otal bitter pools, Jackson and Wataon,
decteased sanl 977
productivity
Girnsslund Insecuicide Increased htter poa) Barrett, 1968
T (1 6
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AN ARGUMENT FOR ECOSYSTRM LEVEL MONOTORING 283

drastically due to the depleted nutnent pool in soil or due 10 inhibinog of whole sets
of processes such as litier decomposition (Jackson and Watson, 1977, Ausmus and
O'Neill, 1979)
. The sensitivity of nutnent cycling measurements (both export and pool sizes) relatve
to populauons and community measurements was demonstrated by O'Neill er g/,
(1977) 1n both luboratory and field swidies, nutnent cychng effects occured at jower
. .- themical concentrations than measurable population or community effects Borman
. v t . and Likans' (1979) analysis of the Hubbard Brook clearcutting expenment confirms
these observauons (Likens er af, 1967) From an analysis of data resulting from pilot
¢ studies of coal conversion processes sponsored by EPA.Industnal Eavironmental
Research Laboratory (IERL), relative sensitivity of several biological and ecological
measurements 10 complex chemical mixtures can be compared. Where comparable data
are avalable, export of sail nutnents and CO, efflux from soil were more sensitive to
chemcals than biologicel evaluations such as the Ames sasay (Ames ef o/, 1975) or
acute ecologicul effects tests
An additional argument for the importance of measunng ecosystem respoase to stress
tan be made from reclamation studies Bormann and Likens (1979), Parkmson e al
(1980), and Walker and Adams (1958) have documented the recovery of autnent cychng
processes as biological reorganuzaiion begins McGill (1980) notas that N P ratios
. ) decrease as orgamc phosphorus increases whereas C and N accumulation withun the
soil 13 dependent upon carbon input rate and we would argue also dependent upon
Tt carbop form Edwards and Ross-Todd (1979) report that afier tree girdlmg, total CO,
effiux from the forest Boor was not different from that in control plots while CO,
] respiration from soil (less roots and litter) was much greater Carbon loss from dusrupted
soll biochemical processes was evidently compensated for by root and btter carbon
‘ - : . canservation

3 2 NUTRIENT POOLS

Nutnents are retmned i terrestnal ecosystems m strata such as htter and soil and in
biota both aboveground and belowground The concentrations of nutnients m beots,
hitter, and soul are affected by chemical contammation, Nutrient pool moasurements may
oo . o 4 be mereased or decreased by chemical contamnation depending on the losding rate and
the length of ume that the mputs have occured For example, a stress caumng litter
. decomposition disruption mught be minially detected as imncreased htter nutnent pools
for a peniod of ime and subsequently a5 depleted pools (e.g., lugher C/P) after nutrients
are leached by physiochemical processes Alternatvely, plant nutrient pools and
. producuon could be temporarily mereased due to increased soil solunon concentrations

of nutnents caused by physical or chemucal stress (Gersper and Challinor, 1975),
Representauve studies showing the effects of chemical contemmation op nutnent
. pools are listed 1n Table 1, Several studies show changes 1n extractable or available soil
nutnients under chemical contammation (Timm ef o/, 1980; Smuth et al., 1980;
Wainwright and Pugh, 1974, Foster and MeQueen, 1977; Mazur and Hughes, 1975),
Tamm (1976) notes soil C/N increased in response to acid precipitation. Many stucies
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ability of an ccosystem 10 persist might alsp be detected in the nntnent pools of
ecosystem components (e g, Litter or aboveground plant ussues) before structural
components are permagently altered Figure 3 15 a conceptualization of the soil nutnent
pool and its nutnent export monttonng points The sensiuvity of the potential exports
{especially soll solution export even though it 15 very small compared 1o the total autnent
pool) will eventually reduce these pools 1n oge or more ecosystem components Some
sensitive measures of nutnent pool changes such as lignin mtrogen (Cromack er al ,
1975) or C P {McGull, 1980) 1n litter or other substrates may allow penodsc evaluauon
of ccosystem status, Cromack et a/ (1975) have shown that decomposiuon rates can
be accurately predicted using recalcitrant carbon concentrations such as ignm Chasgmg
carbon and nutnent Loncentrutions in tissues may be indicative of stress.

To
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Fig.3 Diagram of ecosystem notnemt flows,
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show increased htter nutrrent pools due to chermical disruption of cycling processes
{Andersop er al, 1980), Ruhling and Tyier, 1973, Ward and Wilson, 1973, Barrett, P
1968, Freedman and Hutchinson, 1980a, Hutchinson and Havss, 1978, Hutchwson L
and Whitby, 1974) Longer term (higher contammation levels) effects were shown by ) ‘e
Tyler (1974) and Jackson and Watson (1977) who observed depleted mutrogen pools in t )
bitter due to heavy metals

Sulfur dioxide has been shown to at least temporaniy increase Ca, Mg, Sy, and X ! L
leaf tssues (Ziegier, 1975) and to decrease crude protemn (Schwarz e af,, 1978) v,
Whezigrass N S ratio was decreased by mncreased sulfur mcorporated nto tssues T~ .
(Henschnudt 1 af, 1978) ' - LEoy e

There 15 evidence that ratios of nutnents may be more senssive or meamngful indices .. .
of chemical stress than nutnent pools alone For example, hgnin/N of leaf tissue has .

“ g -
%ty

N
-
.

-
.
-

R e P P LI ECRr L I
been shown to be & more accurste predictor of leal decomposition than bgamn or CN . .
(Cromack ez al , 1975) Rauos of nutnents derved from different reservorrs (e g, C.P) . ‘
(carbon {rom atmosphenc CO,, phosphorus from muperels) may be very seasitive A
measures of egosysiem stress (McGall, 1980) Resolution of the best measures (e g, . 0 "
ortho-phosphate or organic phosphate, total carbon or recalcitrant carbon) s not yet S,
possible from the data available : e ::'u.'.\ Syt iy
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The evidence presented above clearly cemonstrates nutnent cycles are sensive 10
chemical contarmunation An hypothesis of the mechemsms and consequences of
nuinent cychng disruption s presented in Figure 4 Tamm (1976) has specifically
applied & more specific hypothesss 1o the effects of acid ran on terrestnal ecosystems
Our bypothesis states that htter-soi biochercal and microbial interacuons are disrupted
as 2 function of anthropogenic deposiuons As a result of these aisrupuions, temporarily .
greater solute and gaseous pools of nutnents are released These would potennally be

available for plant uptake and/or export from the system depending upon the season,

root actvity and meteorolopcal conditions (see Figure 4, Step 3) Decrease in .
biochemical and microbial interactions in Iticresoll inereases C/N, C/P, and

bgmn/outnents providing for the mhibiion of nutnent cychng processes Increased

export of nutnents eventually lowers nutnent evailability to producers, decreases

nutrient retention withun the system, and Jeads to long-terin fentility and productivity loss

.
. LN L M Lot S50
'y ing em e ? ‘-c\,u‘.'.,‘m‘:.“w:‘-‘f

vop Y e P

at the site. ' ey et
A emporary 1acrease in pnmary production as a result of mncreased nutnent uptake A B
may result in 1acreased detntal mputs (see Figure 4, Steps | and 2), temporarily '

offsettmg for & fimte ume peniod 1n the biter-voil nutnent depleton above However,
these orpanic matenals, if nutnent processes reman disrupted, will not be available for
recveling to producers 1n appreciable concentravons or & the speafic ponts m ume

when maxumum uptake might oceur 1o & natural system (Ausmus er af , 1977, Tyler, ,
1972)
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Fig 4 Hyputhetical dogradution of nutnent cycling processes within o terreatria! econysism.,

5. Implementation of an Ecosystem Monitoriag Program

Ewidence 15 now available from vanous laboratonies expenmenung with & host of
chemical contaminants which unequivocally substanuated the concepts of terrestrial
nutrient cycling processes as sensitive mndicators of polutant cfiects on ecosystems.
Moreover, the leve! of evidence now available strongly suggests causduve mechanisms
of nutnent cychng response 10 chemical stress
Perhaps the delicate mterrelationshups taking place belowground among soll phymico-

chemical constituents, microorgamsms (regulated by invertebrates), and plant roots are
the most sensitive to chenucal stress of the entre terrestnal ecosystem It 15 here, 100,
that many chemical contammants accumulate because of the high adsorptive capacity
of soils Thus, soil-microorganism-root interactions should indicate the mmtial and
continual responsc of & terresinal ecosystem under chemical stress Implementation of
a monitoring lechmque using nutnent cycling processes will allow design cntena for
monitonng programs to be sauisfied The minimal costs of measurning nument export
from ecosystem components would allow long-term impiementation as a monitonng

strategy Data from nutnent cyching processes measured 1n stressed coosystems would
allow the formulation of meuningful mechamsue hypotheses of nutneat disruption.
These data could also be used to project future popuiation and communaty effects
(O'Neill e of, 1977) Such a8 monutoring strategy would allow rapid detection of
ecosysiem response 10 stress in ume to apply appropriate control technolopes or
remedial acuons and 15 applcuble across terrestrial ecosystems and among & vanety of
chemical contaminants
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Deveiopment of an ecosystem momtor wouwld allow verificabion of phy sicochermucal
and microbial effects tests used ip the Juboratory under TSCA and FIFRA guidelines
The parameters measured will provide a conunwng documentation of ecosystem
response to andj/or recovery from siress which further allows determinauon of
cffecuiveness of controls or remedial actons Fanally, an ecosystem momitor provides
feedbacl 1o both theory and understanding of ecosysiems and 10 regulstory bodies for
use 1n standard evalustion and guidelne development

Such ecosysiem monitors respond to the collage of contaminant inputs but do not
(1) measure contamunant concentrations, {2) esumate bioaccumulation rates, or (3)
necessanly refiect specific population or community changes over the shori-terrn The
implementation of ecosystem monitoring methods would allow cost-affectrve, long-term
scosive detecuion of ecosystem responses 1o und recovery from stress 1f effects were
detected, other, more specific 1echmgues could be employed 1o quantify the nature of
the effects on communities or populations

6. Uniqueness of an Ecosystem Momtor

The concept of using an ecosystem monitor for actermunung effects on tlerrestnal

ecosystems has been substantiated through the use of dose-response relationships which

have been developed from field and microcosm studies For example, the Crooked

Creck Watershed study (Jackson and Watson, 1977) was conducied i an area baving

a clearly defined concentratuon gradient of heavy metals Using unpoliuted control sites

for stausucal companson, changes 1n butnent pools in sail, btter, and pnmary producers

were strongly correlated with metal concentravon Tlus diruption of nutnient eyching
processes was later confirmed using forest microcosms trealed with heavy metal

emissions (Jackson er al, 1977)

The Crooked Creel Watershed study where a polluant gradient was clearly established
vahdates the concept of the ccosvstem monitor presented sbove because

- Contamimant monitoring provided documentauon of beavy metal Joading rates and
defined the pollutant gradient in the affected area

- Biological monitoring documented the effects of heavy metals on populations and
communitues (e g, tvertebrates) wittun the affected area In addiuon, bicaccumu-
lation in vanous species were established (e g, rodents)

— Ecosysiem monitonng detected the aisruptive effects of heavy metals on the enure
ecosystem by measunag nutnent cyching processes This monioring tool can also be
used 1o determine whether the ceosystem is degrading further or compensaung for the
chemucel-indoced stress
Applying appropnaie monitonng strategies 1o pomi-source polluuon problems as

described above may not be as difficult as ther applicauon 10 non-point source

problems The current acid precspitation problem 13 a good case in point Without
adequate histoncal tnformavon, contaninant momtenng (1 ¢, acaidity) and biological
moniloring may not be useful for cflects documentation This conclusion 15 based on
the observation that acidity does not bioaccumulate, there 1 no clearly defined acidity
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gradient, and effccts on species and communities would be extremely difficult to asenbe
- to acadnty
An ecosystem level monitor should pose fewer wnterpretive humitations than either
contammant or biological momtors for non-pomt source pollutios. Monitonng eco-
system processes such as nutnent cychng provides the ability 10 measure total response
to stress In addition, synergisuc effects (e.g , heavy metal-zcidity) can be determned
even though the internal mechamisms may not be obvious

o

7. Conclusions and Recommendations

A thorough review of chemical effects momitoning of terrestnal ecosystems indicates that
) ecosystem-lcvel monntonng programs should be used w preference to biological mon-
tonng Ecosysicm-level processes can be measured and used 1n monitoring effects of
pollutants on the total terrestnal ecosystem Polential momtors mclude (1) total
ecosystem productivity, (2) system carbon metabolism, and (3) puinent cychng
processes and system reteation efficiency.
Monitonng sutnent cycling processes have been expenmentally venfied to be
v sensitive indicators of ecosystem stress as a result of chemmieal or physical disruption.
In both luboratory and field studies, nuinent cyching effects occured gt lower chemucal
L. contatminant concentrations than measurable population or community cffects. An
. ecosystem-level monitor may pose fewer mterpretive hmutations than either contaminant
or biolopen! momitors for non-point source pollution,
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Page 1-4, Secuon 1 1, Volume I
What 1s the difference between Phase I and Phase 1? It states that Phase 1 1s
complete and Phase 2 15 1n progress, but the document 1s a Phase 1 document.

Page 2-5, Secoon 2 1.1 1, Volume I

D004-D011 wastes are now hazardous wastes due to toxicity under the Toxicity
Charactenisnc (TC), and the Toxicity Charactensuc Leaching Procedure (TCLP) 1s the test
that 1s used to determune the toxacity charactensnc. EP Toxicity 1s no longer in use.

In the last sentence on the page the word "solutons” 1s spelled incorrectly.

Page 2-7, Secuon 2 1 1 4, Volume I

The possible contamunants are histed as being plutonium, amernicium, and uranium
The hazardous wastes that are hsted on page 2-5 (D001-D011, FOO1-F003, FO09) should
also be listed 1n this secnon as possible contaminants

Page 2-97, Secton 2.1.10 1, Volume I
The last sentence on the page should read "Building 460 dumpsters” instead of

"these 460 dumpsters "

Page 2-116, Section 2 1 12 4, Volume I
In the last sentence on the page, the phrase "for this area" 1s repeated and one set

should be deleted

Page 2-120, Secnon 2.1.14.1, Volume I

It states that "THSS 210 1s currently being used in a2 90-day storage unit”, but this
contradicts the next sentence which states "as of May 31, 1988, all hazardous waste was
removed from IHSS 210." If the umt 1s being used as a 90-Day storage umit, hazardous
wastes are sull present ("in" should be replaced by “as™)

Page 2-125, Sectnon 2.1 15 1, Volume I

In the first sentence, the word "resulis” 1s spelled incorrectly

The statement that "salicrete results from evaporanon of hquid process water” 1s not
completely correct. Saltcrete 1s made from muxing salt and brine resulnng from the
evaporaton of hqud process waste water with portland cement.

The statement that "matenals will be removed from the 904 Pad by October 1991 1s
no longer correct

In the last paragraph, the statement that "incomplete sohdificanon of the waste
matenal which results 1n failure of the contaner” 1s incorrect. Weathenng deswoyed the
onginal contamner, which resulted 1n the release of the incompletely sobdified waste

Page 2-126, Section 2.1.15 1, Volume ]
The word "cubic” 1s spelled incorrectly

Page 2-126, Secuon 2 1.15 2, Volume I

In the last paragraph, the second sentence should read "The runoff may result in
chronic low levels of contaminates being released 1nto Pond B-5 and this discharge from
the pond could violate the NPDES permut.”

Page 2-128, Secuon 2 1.15 4, Volume I
The word "uranium" 1s spelled incorrectly where 1t states "uramum 238 "
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Page 2-134, Secuon 21 16 1, Volume I

The statement that "saltcrete , a matenal similar in nature to pondcrete resulung from
evaporaton of hiqud process waste” 1s not completely correct  Saltcrete 1s made from
rmuxing salt and brine resulting from the evaporation of hiquid process waste water with
portland cement.

Page 2-140, Secuon 2 1 16 1, Volume I
The statement that "there 1s 2 hagh probabulity that leakage of matenal will conanue

unal all matenals are removed" 1s incorrect. All matenals that had poor containment have
either been ransferred to metal boxes or have been rebagged 1n thuck plastic bags, and there
have been few spills since the rebagging

Page 5-7, Secuon 57 1, Yolume I

It states that "although RCRA regulanons wall direct the R at OU10, CERCLA wll
also be considered for guidance because 1s specifies in greatest detail the steps that should
be followed for selecnon of remedial alternanves” ("it" should replace "1s"). RCRA allows
more flexibility than CERCLA, and all steps under CERCLA should not necessanly be
followed if they are not needed.



